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(54) Optical decision circuit and use thereof 



(57) An optical decision circuit, based on gain 
clamped senniconducto; opticat amplitiers, is disclosed. 
This optical decision circuit can be used for 2R signal 
regeneration in optical communication systems. By add- 



ing a clock signal to the input of said optical decision 
circuit, said circuit is also suited for 3R regeneration. 
Such a circuit can easily be implemented as an integrat- 
ed circuit or an OEIC. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention is related to an optical 
decision circuit, based on semiconductor optical ampli- 
fiers, which can be used for signal regeneration in opti- 
cal communication systems. Such a circuit can easily 
be implemented as an Integrated circuit or an OEIC. 

BACKGROUND OF THE INVENTION 

[0002] In optical long-haul communication systems, 
signal regeneration at regular distances is a prerequisite 
because several mechanisms deteriorate the optical 
signals. Examples o1 such mechanisms are pure trans- 
mission losses and different noise and signal distortion 
sources in communication components. Therefore 
there is a common interest in simple high quality optical 
regeneration circuits which can easily be integrated. 
[0003] Several signal regeneration mechanisms are 
known, as illustrated in Figure 1. to improve the signals 
at regular distances or times. A generated signal, like e. 
g. a periodic Return to Zero pulse signal (fig. 1 a) or any 
other signal comprising a number of pulses which are 
at regularly spaced points in time (e.g. :to. t^, tg.). enters 
an optical fiber. After a certain distance, the signal is de- 
teriorated as illustrated e g. in fig. 1 , b and needs to be 
regenerated. The simplest regeneration system is the 
so-called 1 R regeneration (Fig. 1 , c), which is in fact an 
amplification system. The input signal (fig. 1 , b) is am- 
plified rn order to bring the signal power level sufficiently 
above the noise level as illustrated in fig. 1 . c. 
[0004] A nr>ore advanced system is the so-called 2R 
regeneration (Fig. 1 , d). An optical input signal (fig. 1 . b) 
which is presented to a 2R regeneration system is set 
to a fixed high output signal level if the power of the input 
signal is above a certain threshold level and is set to a 
fixed low output level if otherwise. This regeneration al- 
lows to choose a rrrare optimum decision threshold, i.e. 
a certain optical power level, at the receivers but in many 
cases this is stilt not satisfying. 

[0005] An even more advanced system is the so- 
called 3R regeneration (Fig.1 , e). An optical input signal 
(fig. 1, b) which is presented to a 3R regeneration sys- 
tem is set to a fixed high output signal level if the power 
of the input signal is above a certain threshold level and 
is set to a fixed low output level if otherwis e. Furthermore 
a clock signal (fig. 1 , e), having the same period as the 
generated signal (fig. 1 . a), is used to retime the input 
signal pulses in order to coincide exactly with the clock 
pulses. The retiming allows to remove the signal jitter, i. 
e. fluctuations in the start instant of the pulses. Since 
the sampling at the receiver side occurs at instants de- 
fined by a periodk: clock signal, this time jitter can cause 
additk)nal detection errors, especially for very high bit 
rates. 

[0006] So far, regeneration in optk^al communk:ation 



has mainly been 1R regeneratton using Erbium-doped 
fibre amplifiers. 3R regeneration has however been un- 
der investigation for several years and has been report- 
ed in the literature, e.g. in J. K. Lucek, K. Smith. 'All- 

5 optical signal regenerator', Optics Letters, Vol. 18, pp. 
1226-1228. 1993. The clock signal is typically extracted 
from the signal using a mode kx;ked laser as e.g. in P. 
B. Hansen et al.. 'All-optical clock recovery using a 
mode-locked lasef. El. Lett. Vol. 29. pp. 739-741 . 1993. 

10 and regeneration is based on a non-linear fibre loop mir- 
ror, in which the clock signal is modulated by the signal. 
This technique however involves a complicated combi- 
natkxi of fibre based components, making the regener- 
ation circuit spacious and unsuitable for integration. Be- 

is sides, it only works for certain oKxiulation formats. 

SUMMARY OF THE INVENTION 

[0007] An important part of an optfcal regeneration 
20 system can be a so-called optical decision circuit. An 
optical decision circuit can be used both for 2R and 3R 
regeneration. Consequently, for 2R regeneration an op- 
tical decision circuit should give a low output power lev- 
el, i.e. ideally this k>w level is a zero output power level, 
25 if the input power is below a certain threshold value and 
should give a high output power level, i.e. ideally this 
high level is a constant predetermined high output pow- 
er level, if the input power is above the threshold value 
and there should be a steep transition between the low 
30 level and the high level. In a practical implementation, 
the kiw level may be small, but different from zero, the 
high level may slightly vary with input power and the 
transition between low and high level may be more grad- 
ual. 

3S [0008] According to the present invention a device 
with an optical signal at its input and an optical signal at 
its output for optical signal regeneratton is disclosed, 
where said optical output signal has a predetermined 
output power level, said device comprising: 

40 

a beam splitter for splitting said optical input signal 
in at least a first and a second signal; 
at least a first and a second gain clamped optical 
amplifier, said first amplifier amplifying said first sig- 

45 nal, said second amplifier amplifying said second 
signal, said first and said second amplifier having a 
different saturation input power level; 
a phase shifting element for shifting the phase of 
either one of said first signal or said second signal; 

50 a combiner for combining said f i rst and said second 
signal. Preferably said phase is shifted such that the 
phase difference between said first signal and said 
second signal is essentially 180 degrees. 

55 [0009] In an embodiment of the invention an optical 
decision circuit is disclosed, comprising a Mach-2eh- 
nder interferometer (MZI) and two gain clamped semi- 
conductor optical amplifiers (GCSOA's) and where said 
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interferometer further comprises a splitter, a phase shift- 
ing element and a combiner. The GCSOA's are located 
in the branches of the interferometer. 
(0010] In an embodimen! of the invention an optical 
decision circuit is configured such that the beamsplitter 
for the incident signal as well as the combiner for the 
output signal are substantially symmetric giving a split- 
ting and combining ratio of 50/50. When the input power 
of the incident signal is below a certain threshold value 
the optical decision circuit should return a low output 
power level, i.e. ideally a zero output power level. In this 
configuration, the amplitude of a first signal incident on 
a first GCSOA and the amplitude of a second signal in- 
cident on a second GCSOA is the same due to the 50/50 
splitting ratio. After amplification of these signals, at 
least the phase of one of the signals is shifted such that 
the phase difference between the first signal and the 
second signal is essentially 180 degrees. Consequently, 
thereafter combining the first and the second signal us- 
ing a combiner with a combining ratio of 50/50 is in fact 
substracting the first and the second signal one from an- 
other. Therefore, in order to establish a low output power 
level the amplification factor for input values below the 
threshold value should be substantially the same. To ac- 
complish this, preferably, the optical decision circuit 
should further comprise two essentially identical 
GCSOA's. I.e. two GCSOA's having essentially the 
same structure, essentially the same dimensions and 
being composed of essentially the same materials. 
[0011] In an embodiment of the invention an optical 
decision circuit is configured such that either the beam- 
splitter for the incident signal or the combiner for the out- 
put signal or the beamsplitter and the combiner are 
asymmetric giving a splitting ratio of a/(100-a), a being 
different from 60 and 0 < a < 100 . and/or a combining 
ratio of p/(100-|5). p being different from 50 and 0 < |i < 
100, When the input power of the incident signal is below 
a certain threshold value the optical decision circurt 
should return a low output power level, i.e. ideally a zero 
output power level. In this configuration, the amplitude 
of a first signal incident on a first GCSOA and the am- 
plitude of a second signal incident on a second GCSOA 
can be substantially different due to the asymmetric 
splitting ratio. After amplification of these signals, at 
least the phase of one of the signals is shifted such that 
the phase difference between the first signal and the 
second signal is essentially 1 80 degrees. Consequently, 
thereafter combining the first and the second signal us- 
ing a combiner with a combining ratio which can be 
asymmetric is in fact substracting the first and the sec- 
ond signal one from another, Therefore, this optical de- 
cision circuit should comprise two different GCSOA's, 
said GCSOA's should be chosen dependent on the val- 
ue of the splitting ratio and the value of the combining 
ratio in order to establish a low output power level of the 
optical decision circuit for input powers below the 
threshold value. 

£0012] in an embodiment of the invention as an alter- 



native an optical decision circuit is disclosed comprising 
a Michelson interferometer and two essentially identical 
reflecting GCSOA's. The interferometer furthercompris- 
es a 3 dB coupler, being used both as a beam splitter 
5 for the incident signal and as a combiner for the output 
signals of the reflecting GCSOA's. and a phase shifting 
element. 

[001 3] I n an aspect of the invention an optical decision 
circuit is disclosed for 3R regeneration, i.e. including 
10 retiming Like for 2R regeneration this optical decision 
circuit should give a low output power level, i.e. ideally 
this low level is a zero output power level, if the input 
power is below a certain threshold value and should give 
a high output power level, i.e. ideally this high level is a 
'5 constant predetermined high output power level, if the 
input power is above the threshold value and there 
should be a steep transition between the low level and 
the high level. However by adding a clock signal to the 
input signal incident on the optical decision circuit, said 
20 ctock signal having the same period as said input signal, 
at predetermined times the amplitude of the total signal 
incident on the optica! decision circuit is enhanced re- 
sulting in a shift of said transitron between said low out- 
put power level and said high output power level to 
25 thereby establish a regeneration and a retiming of said 
input signal 

[0014] According to the present invention a device 
with an optical signal at its input and an optical signal at 
its output for optical signal regeneration is disclosed, 
30 where said optical output signal has a predetermined 
output power level, said device comprising: 

a beam splitter for splitting said optical input signal, 
said optical input signal being a combination of an 
optical signal Incident on said device and a clock 
signal having the same period as said incident op- 
tical signal, in at least a first and a second signal; 
at least a first and a second gain clamped optical 
amplifier, said first amplifier amplifying said first sig- 
nal, said second amplifier amplifying said second 
signal, said first and said second amplifier having a 
different saturation input power level; 
a phase shifting element for shifting the phase of 
either one of said first signal or said second signal; 
a combiner for combining said first and said second 
signal. Preferably sard phase is shifted such that the 
phase difference between said first signal and said 
second signal is essentially 180 degrees. 

so [0015] In an aspect of the invention a method to 
achieve regeneration of an optical input signal is dis- 
closed comprising the steps of: 



3S 



40 



45 



SS 



splitting said input signal in at least a first signal and 
a second signal; 

amplifying said first signal by means of a first gain 
clamped optical amplifier and amplifying said sec- 
ond signal by means of a second gain clamped op- 
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tical amplifier, said first and said second amplifier 
having a different saturation input power level; 
shifting the phase of either one of said first signal 
or said second signal; 

combining said first and said second signal thereby 
forming an optical output signal; and 

wherein said optical output signal has a predetermined 
output power level. Particularly said optical output signal 
has a predetermined high output power level or a low 
output power level, said low level being substantially be- 
low said predetermined high output power level, or an 
output power level inbetween said high output power 
level and said low output power level 
[0016] In another aspect of the invention a method to 
achieve regeneration of an optical input signal is dis- 
closed conrtprising the steps of: 

combining a clock signal, having the same period 
as said optical signal, with said optical signal there- 
by forming an optical signal incident on an optical 
decision circuit; 

splitting said incident signal in at least a first signal 
and a second signal; 

amplifying said first signal by means of a first gain 
clamped optical amplifier and amplifying said sec- 
ond signal by means of a second gain clamped op- 
tical amplifier, said first and said second amplifier 
having a different saturation input power level; 
shifting the phase of either one of said first signal 
or said second signal; 

combining said first and said second signal thereby 
forming an optical output signal; and 

wherein said optical output signal has a predetermined 
output power level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 7] Figure 1 represents several siate-of -the-art re- 
generation principles for optica! signals, i.e. RZ pulses. 
[0018] Figure 2 represents the output characteristic, 
i.e. the optical output power versus the input power, of 
an ideal optical decision circuit according to an embod- 
iment of the invention. 

[0019] Figure 3 represents the output characteristic, 
i.e. the optical output power versus the input power, of 
an optical decision circuit according to an embodiment 
of the invention. 

[0020] Figure 4 represents a schematic example of an 
implementation of an optical decision circuit according 
to an embodiment of the invention. 
[0021] Figure 5 represents a schematic example of a 
state-ol-the-art device structure of a GCSOA and a sim- 
plified typical output characteristic of such a GCSOA. 
[0022] Figure 6 represents the simpHfied output char- 
acteristics, i.e. output power versus input power, of a 
state-of-the-art GCSOA at two different bias currents. 



[0023] Figure 7 represents a simplified output charac- 
teristic of an optical decision circuit, as illustrated in Fig- 
ure 4, according to an embodiment of the invention. 
[0024] Figure 8 represents the simulated output char- 
5 acteristics, i.e amplitude and phase of the output signal 
versus input power, of a state-of-the-art GCSOA at two 
different bias currents. 

[002S] Figure 9 represents a simulated output char- 
acteristic, i.e. output power versus input power, of a op- 
to tical decisbn circuit according to an embodiment of the 
invention. 

[0026] Figure 10 represents a schematic example of 
an implementation of an optical decision circuit based 
on two identical reflecting GCSOA's and a Michelson 
IS Interferometer according to an embodiment of the inven- 
tion. 

[0027] Figure 11 represents an schematic example of 
an optical decision circuit with an asymmetric beam 
splitter according to an embodiment of the invention. 
20 [0028] Figure 12 represents the output characteris- 
tics, with and without retiming, of an optical decision cir- 
cuit according to a particular embodiment of the inven- 
tion. Said retiming Is realised by adding a clock signal 
to the input of said optical decision circuit. 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] In an aspect of the invention a device with an 
optical signal at its input and an optical signal at its out- 
30 put for optical signal regeneration is disclosed, where 
said optical output signal has a predetermined output 
power level, said device comprising: 

a beam splitter for splitting said optical input signal 
3S in at least a first and a second signal; 

at least a first and a second gain clamped optical 
amplifier, said first amplifier amplifying said first sig- 
nal, said second amplifier amplifying said second 
signal, said first and said second amplifier having a 
40 different saturation input power level; 

a phase shifting element for shifting the phase of 
either one of said first signal or said second signal; 
a combiner for combining said first and said second 
signal. Preferably said phase is shifted such that the 
4S phase difference between said first signal and said 
second signal is essentially 180 degrees. 

[0030] According to the invention an optical decision 
circuit should give (see Figure 2) a low output power lev- 
. so el, i.e. ideally this low level is a zero output power level 
(21 ), if the input power is below a certain threshold val- 
ue. This optical decision circuit should give a predetgr- 
mined high output power level, i.e. ideally this predeter- 
mined high level is a constant level (23), if the input pow- 
55 er is above the threshold value and their should be a 
steep transition (22) between the low level and the high 
level. In a practical implementation (see Figure 3). the 
low level (31 ) instead of being zero may be an output 
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power level which is substantially below the predeter- 
mined high output power level, the high level (33) may 
slightly vary with Input power and the transition between 
low and high level may be more gradual (32). Particu- 
larly, without limiting the scope of the invention, said pre- 
determined high output power level can be chosen in 
accordance with the amplitude of the originally generat- 
ed signal, i.e. before it is deteriorated and needs to be 
regenerated, but there are nnany other ways to prede- 
termine a value for high output power level. For exam- 
ple, when said predetermined high output power level 
is chosen in accordance with the amplitude of the orig- 
inally generated signal, then said high output power lev- 
el can have about the same value as the amplitude of 
the originally generated signal. Said low output power 
level can typically have a value which is at least 5 dB 
below or preferably at least 10 dB below the predeter- 
mined high output power level. 

[0031] The GCSOA's (as in J. C. Simon et al.. Trav- 
elling wave semiconductor optical amplifier with re- 
duced non-linear distortions'. El. Lett.. Vol. 30, pp. 
49-50, 1 994) in this optical circuit are amplifiers in which 
lasing occurs usually at a wavelength sufficiently far 
apart from the signal wavelength. The lasing operation 
causes the carrier density and thus the signal gain to be 
clamped (i.e. to be independent from the input signal 
power level) at the lasing wavelength. Consequently 
each laser with a strong feedback in a narrow spectral 
region only and which operates at>ove his oscillation 
threshold can be applied because its gain is clamped. 
By adequately choosing the Bragg gratings (51) (see 
Figure 5) of the active structure, the signal gain is also 
clamped at wavelengths different from the lasing wave- 
length. Said Bragg gratings are chosen to provide high 
reflection at the lasing wavelength and little or no reflec- 
tion at the signal wavelength. There are several equiv- 
alent implementations, known to a person skilled in the 
art. to achieve this effect. An example of such an equiv- 
alent implementation can be by using external reflectors 
in stead of Bragg gratings. The signal gain of a GCSOA 
remains constant with increasing input power because 
variations in input signal power are balanced by oppo- 
site variations in lasing power such that the total stimu- 
lated emission rate remains constant. However, this 
mechanism only works up to a certain input power level, 
above which the lasing power is zero and above which 
an increase of the input power causes a decrease of the 
carrier density and hence of the signal gain. The result- 
ing relation between the input and the output power 
therefore is depicted in Figure 5. i e. linear (52) up to a 
certain input power level, hereafter designated as the 
saturatk^n input power, and with constant output power 
(53) above that limit. The saturation input power itself 
increases linearly with the current injected into the 
GCSOA. as shown in Figure 6. The signal gain in the 
linear regime is totally determined by structure and ma- 
terial parameters such as the Bragg gratings, the length 
and the internal loss of the active structure, but is inde- 



pendent of the current. 

[0032] In an embodiment of the invention an optical 
decision circuit is configured such that the beamsplitter 
for the incident signal as well as the combiner for the 
s output signal are substantially symmetric giving a split- 
ting and combining ratio of 50/50. When the input power 
of the incident signal is below a certain threshold value 
the optical decision circuit should return a low output 
power level, i.e. ideally a zero output power level or sub- 
10 stantially below the predetermined high output power 
level. In this configuration, the amplitude of a first signal 
incident on a first GCSOA and the amplitude of a second 
signal incident on a second GCSOA is the same due to 
the 50/50 splitting ratio. Mter amplification of these sig- 
'5 nals. at least the phase of one of the signals is shifted 
such that the phase difference between the first signal 
and the second signal is essentially 160 degrees. Con- 
sequently, thereafter combining the first and the second 
signal using a combiner with a combining ratio of 50/50 
^0 is in fact substracting the first and the second signal one 
from another. Therefore, in order to establish a low out- 
put power level the amplification factor for input values 
below the threshold value should be substantially the 
same. To accomplish this, preferably the optical deci- 
^5 sion circuit should further comprise two essentially iden- 
tical GCSOA's, i.e. two GCSOA's having essentially the 
same structure, essentially the same dimensrons and 
being composed of essentially the same materials. 
[0033] In a particular embodiment of the invention, an 
30 example of such an optical decision circuit will be de- 
scribed in detail (see also Fig.4). An optical decision cir- 
cuit is disclosed, comprising a Mach-Zehnder interfer- 
ometer (MZI) and two gain clamped semiconductor op- 
tical amplifiers (42) (43) and where said interferometer 
55 further comprises a beam splitter (41 ), a phase shifting 
element (44) and a combiner (45). The GCSOA's are 
located in the branches of the interferometer The inter- 
ferometer is configured such that the beamsplitter for 
the incident signal as well as the combiner for the output 
"^0 signal are subsiantialfy symmetrk: giving a splitting ratio 
of 50/50. Furthermore, the optical decision circuit makes 
use of two essentially identical GCSOA's having essen- 
tially the same structure, essentially the same dimen- 
sions and being composed of essentially the same ma- 
^ terials. Consequently both amplifiers have the same 
gain in the linear regime. However, the choice of a dif- 
ferent bias current for both amplifiers (e.g. 1^ > \^] results 
in a different saturation input power level. Because the 
interferometer has a 60/50 splitting ratio at the Input. 
50 both amplifiers receive an input signal having equal in^ 
put power (being 50% of the total input power). Further- 
more because the interferometer has also a combining 
ratio of 50/50 at the output, both amplifiers contribute 
equally to the total output power of the decision circuit. 
55 Therefore, ideally, if one neglects the phase variations 
caused by the amplifiers and introduces a phase shift of 
180 degrees in one of the branches of the interferom- 
eter, the total output power is given by the difference 
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between the output powers of both amplifiers. Conse- 
quently the total output power of the decision circuit is 
zero as long as both annplifiers are in the linear regime, 
which is the low level (71), and equal to the difference 
in saturation output power if both amplifiers are in the 
saturation regime, which Is the high level (73). The tran- 
sition between these power levels is a linear transition 
(72). Preferably said phase shift of 180 degrees (in fact 
ar\y phase shift) can be realised by applying a suitable 
voltage, typically in the order of a lew Volts, to said 
branch of the interferometer. With no applied bias the 
phase shifts in the two branches are substantially equal 
if of course both branches have the same length. An al- 
ternative way of introducing an extra phase shift in one 
of the branches of the interferometer can be by prolong- 
ing said branch. 

[0034] When taking into account the phase variations 
caused by the amplifiers, the relation between the out- 
put power of the decision circuit and the input power is 
less ideal (Figure 8). In the linear regime, the gain and 
carrier density are clamped and therefore also the 
phase in both amplifiers is clamped and equal. However, 
beyond the saturation input power of the amplifier, when 
the carrier density starts to decrease, the refractive In- 
dex starts to change and so does the phase. Calcula- 
tions taking into account these phase variations have 
been performed and the results, both for the gain (81) 
as well as for the phase (82) are shown in Figure 8 for 
the behaviour of the first amplifier (83) with a bias current 
of 86mA as well as for the second amplifier (84) with a 
bias current of 117mA. Figure 9 represents a simulated 
output chara^eristic of an optical decision circuit based 
on the amplifiers whose characteristics were presented 
in figure 8. As can be seen In Figure 9, the output power 
still remains constant and sufficiently small below an in- 
put power of 2 mW, which corresponds with the low level 
(91), and remains constant above the saturation input 
power of 3 mW, which corresponds with the high level 
(93). Furthermore, there is a steep transition (92) be- 
tween both levels. 

[0035] In an embodiment of the invention as an alter- 
native an optical decision circuit is disclosed (fig. 10) 
comprising a fwlichelson interferometer (101) and two 
essentially identical reflecting GCSOA's (102) (103). i. 
e. having essentially the same structure, essentially the 
same dimensions and being composed of essentially 
the same materials. Consequently both amplifiers have 
the same gain in the linear regime. The Interferometer 
further comprises a 3 dB coupler, being used both as a 
beam splitter for the incident signal and as a combiner 
for the output signals of the reflecting GCSOA's. and a 
phase shifting element. Using a 3 dB coupler implies 
that the splitting ratio and the combining ratio are sub- 
stantially equal to 50/50. Therefore by introducing a 
phase shift such that the phase difference between the 
output signal of the first reflective GCSOA and the out- 
put signal of the second reflective GCSOA is essentially 
1 80 degrees the total output power level is given by the 



difference between the output powers levels of both 
GCSOA's. 

[0036] In an embodiment of the invention an optical 
decision circuit is configured such that either the beam- 

5 splitter for the incident signal or the combiner for the out- 
put signal or the beamsplitter and the combiner are 
asymmetric giving a splitting ratio of ot/(100-a), a being 
different from 50 and 0 < a < 100. and /or a combining 
ratio of |J/(100-|5), P being different from 50 and 0 < (4 < 

10 100. When the input power of the incident signal Is below 
a certain threshold value the optical decision circuit 
should return a low output power level, i.e. ideally a zero 
output power level or a level substantially below a pre- 
determined high output power level. In this configura- 

rs tion. the amplitude of a first signal incident on a first 
GCSOA and the amplitude of a second signal incident 
on a second GCSOA can be substantially different due 
to the asymmetric splitting ratio. After amplification of 
these signals, at least the phase of one of the signals is 

20 shifted such that the phase difference between the first 
signal and the second signal is essentially 1 80 degrees. 
Consequently, thereafter combining the first and the 
second signal using a combiner with a combining ratio 
which can be asymmetric is In fact substracting the first 

zs and the second signal one from another. Therefore, this 
optical decision circuit should comprise two different 
GCSOA's, said GCSOA's should be chosen dependent 
on the value of the splitting ratio and the value of the 
combining ratio in order to establish a low level, i.e. an 

30 output power level substantially below the predeter- 
mined high output power level, of the optical decision 
circuit for input signal power levels below the threshold 
value. 

[0037] In a particular embodiment of the invention, an 

33 example (see also Fig.11) of such an optical decision 
circuit will be described in detail. An optical decision cir- 
cuit is disclosed, comprising a Mach-Zehrrder interfer- 
ometer (MZI) and two gain clamped semiconductor op- 
tical amplifiers (112) (113) and where said interferom- 

40 eter further comprises a splitter (111), a phase shifting 
element (114) and a combiner (115). The GCSOA's are 
located in the branches of the interferometer The inter- 
ferometer is configured such that the beamsplitter for 
the incident signal Is asymmetric with a splitting ratio of 

45 a/(100-a), where 0 < a< 100, whereas the combiner for 
the output signal is substantially symmetric with a com- 
bining ratio of 50/50. The gains of the GCSOA's in the 
linear regime should be chosen such that the signals in 
both branches of the interferometer at the input of the 

so combiner have the same amplitude (e.g. by using differ- 
ent dimensions) and a phase difference of 1 80 degrees. 
The extra phase shift In one of the branches should be 
chosen to meet said phase difference of 180 degrees 
taking into account that the phase of the signal at the 
output of both amplifiers is substantially different in the 
linear regime because of the different gains. 
[0038] In an aspect of the invention an optical decision 
circuit is disclosed tor 3R regeneration, i.e. including 
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retiming. Like for 2R regeneration this optical decision 
circuit should give a low output power level, i.e. ideally 
this low level is a zero output power level or an output 
power level substantially below the predetermined high 
output power level, if the input power is below a certain s 
threshold value and should give a high output power lev> 
el, i.e. ideally this high level is a constant predetermined 
high output power level, if the input power is above the 
threshold value and there should be a sleep transition 
between the low level and the high level. However by w 
adding a clock signal to the input signal incident on the 
optical decision circuit, said clock signal having the 
same period as said input signal, at predetermined 
times the amplitude of the total signal incident on the 
optical decision circuit is enhanced resulting in a shift of rs 
said transition between said low output power level and 
said high output power level to thereby establish a re- 
generation and a retiming of said input signal. 
[0039] According to the present Invention a device 
with an optical signal at its input and an optical signal at 20 
its output for optical signal regeneration is disclosed, 
where said optical output signal has a predetermined 
output power level, said device comprising: 

a beam splitter for splitting said optical input signal. 2s 
said optical input signal being a combination of an 
optical signal incident on said device and a clock 
signal having the same period as said Incident op- 
tk:al signal, in at least a first and a second signal; 
at least a first and a second gain clamped optical 30 
amplifier, said first amplifier amplifying said first sig- 
nal, said second amplifier amplifying said second 
signal, said first and said second amplifier having a 
different saturation input power level; 
a phase shifting element for shifting the phase of 3s 
either one of said first signal or said second signal; 
a combiner for combining said first and said second 
signal. Preferably said phase is shifted such that the 
phase difference between said first signal and said 
second signal is essentially 180 degrees. 40 

[0040] In a particular embodiment of the invention, an 
example of such an optical decision circuit will be de- 
scribed in detail. An optical decision circuit with retiming 
is disclosed, comprising a Mach-Zehnder Interferometer 4S 
(M2I) and two gain clamped semiconductor optical am- 
plifiers (GCSOA's) and where said interferometer fur- 4. 
ther comprises a splitter, a phase shifting element and 
a combiner. The GCSOA's are located in the branches 
of the interferometer. A typical output characteristic of so 
an optical decision circuit without retiming (as e.g. Fig 
4) is depicted in Fig. 1 2 (1 21 ) and has the typical shape S. 
comprising a low leve I. a high level and a steep transition 
inbetween the low and high level. The transition starts 
at the saturation input power, P,j^ , of the GCSOA with 
the lowest bias current (and thus the lowest saturation 
input power level). Using this optical decision circuit 3R 6. 
generatbn including retiming can be achieved by add- 



ing a clock signal to the input signal of said circuit. When 
the ckxDk pulse (123) enters the circuit of Figure 4 it 
causes a shift of the characteristic to a lower saturation 
input power during the pulse duration as illustrated in 
Figure 12 (122). As a result, for signal power levels be- 
low Py^, one obtains a regeneration, both of the low lev- 
el and of the high level, during the clock pulses and zero 
output power at other instants. Hence. 3R regeneration 
is obtained for RZ pulses. 



Claims 

1 . A device for optical signal regeneration with an op- 
tical signal al its input and an optical signal at its 
output, where sard optrcal output signal has a pre- 
determined output power level, said device com- 
prising: 

a beam splitter for splitting said optical Input 
signal in at least a first and a second signal; 
at least a first and a second gain clamped op- 
tical amplifier, said first amplifier amplifying said 
first signal, said second amplifier amplifying 
said second signal, said first and said second 
amplifier having a different saturation input 
power level; 

a phase shifting element for shifting the phase 
of either one of said first signal or said second 
signal; 

a combiner for combining said first and said 
second signal. 



2. 



55 



A device as recited in claim 1 , where sakj optical 
output signal has a predetermined high output pow- 
er level or a low output power level, said low level 
being substantially below said predetermined high 
output power level, or an output power level inbe- 
tween said high output power level and said low out- 
put power level. 



3. A device as recited in claim 1, where said phase 
shifting element creates a phase difference be- 
tween said first and said second signal of essential- 
ly 180 degrees. 



A device as recited in claim 1. comprising a Mach- 
Zehnder interferometer, said interferometer com- 
prising said beam splitter, said phase shifting ele- 
ment and said combiner. 

A device as recited in claim 1, where said beam 
splitter splits said optical signal in a first and a sec- 
ond signal with a splitting ratio of a/(lOO-a). where 
a is smaller than 100 and greater than 0. 

A device as recited in claim 5. where said combiner 
has a combining ratio of p/(100-P). where p is small- 
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er than 100 and greater than 0. 

7. A device as recited in claim 5, where said splitting 
ratio is 50/50 and said combining ratio is 50/50 and 

wh erein said f i rst and said second gain clamped op- 5 
tical amplifier are essentially identical. 

8. A device as recited in claim 7, where said first and 
said second gain ciamped optical amplifier have es- 
sentially the same structure, essentially the same io 
dimensions and are composed of essentially the 
same materials. 

9. A method to achieve regeneration of an optical input 
signal comprising the steps of: 

splitting said input signal in at least a first signal 
and a second signal; 

amplifying said first signal by means of a first 
gain clamped optical amplifier and amplifying 20 
said second signal by means of a second gain 
clamped optical amplifier, said first and said 
second amplifier having a different saturation 
input power level; 

shifting the phase ot either one of said first sig- 2S 
nal or said second signal; 
combining said first and said second signal 
thereby forming an optical output signal said 
optical output signal having a predetermined 
output power level. ^ 

10. A method as recited in claim 9. wherein said optical 
output signal has a predetermined high output pow- 
er level or a low output power level, said low level 
being substantially below said predetermined high 35 
output power level, or an output power level inbe- 
tween said high output power level and said low out- 
put power level. 

11 . A method as recited in claim 9, wherein a clock sig- 
nal is added to said input optical signal. 

12. A method as recited in claim 9, wherein said phase 
is shifted such that the phase difference between 
said first and said second signal Is essentially 180 ^ 
degrees. 

1 3. A method as recited in claim 9, wherein said splitting 
is performed with a ratio of 60/60 and said combin- 
ing is performed with a ratio of 50/50 and wherein 50 
said first and said second gain clamped optical am- 
plifier are essentially identical. 
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Figure 8 
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Figure 10 
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